The Szum is a right-side tributary of the Tanew River crossing the southern escarpment zone of the Central Roztocze region (SE Poland). Downstream of the strict river break in a section between the 10th and 12th km of the river course in the Szum valley, meadow and peatbog complexes have developed, associated with semi-hydrogenic and marshy soils. In an area of approx. 13 ha of the most valuable non-forest habitats, a variety of plant communities have been identified, including habitats of the Natura 2000 network and habitats that are protected under the Regulation of the Minister of the Environment (2001). These are, for instance, meadow associations Lysimachio vulgaris-Filipenduletum, Lythro-Filipenduletum, Filipendulo ulmariae-Menthetum longifoliae, Angelico-Cirsietum oleracei, and Cirsietum rivularis. The moss-sedge and sphagnum bog communities comprise noteworthy associations Caricetum limosae, Rhynchosporetum albae, Caricetum lasiocarpae, Caricetum paniceo-lepidocarpae, Caricetum davallianae, and Sphagnetum magellanici. These communities are composed of ca. 160 vascular plant species and 40 moss and liverwort species.
Introduction
River valleys represent hydrogenic habitats characterized by a very large mosaic of abiotic conditions and, consequently, a considerable diversity of plant cover. They perform the function of natural ecological corridors, which are one of the most important routes of energy and matter flow, migration of organisms, and a link between scattered areas of great natural value [1, 2] .
The richness of the flora and vegetation of the river valley is influenced by the intensity of ongoing fluvial processes, the physico-chemical properties of the water carried by the river, and the geological structure and features of terrain. All these factors determine the soil cover and its properties, simultaneously determining the character of the vegetation cover [3] [4] [5] [6] . Special natural values are characteristic of small unregulated watercourses where human impact on the natural water cycle and economic management of the catchment (mowing, grazing, deforestation, peat excavation) has been largely limited. The plant cover of such sites is characterized by a high degree of naturalness; the considerable heterogeneity of the habitat conditions in a small spatial scale contributes to the emergence of valuable phytocomplexes, among which numerous rare and protected species can also be encountered [7] [8] [9] [10] .
The habitats of small-scale river valleys are most sensitive to fluctuations in groundwater levels. All modes of artificial regulation of the water relations, most frequently involving land drainage and the construction of small hydraulic structures, reduce local water retention and accelerate water runoff, which in turn initiates gradual changes in the soil environment and next in plant communities and their constituent species populations [11] [12] [13] . The high dynamics of moisture conditions in small river valleys, usually in the form of local flooding and waterlogging, is currently the most prevalent effect of the presence of a population of the European beaver (Castor fiber) [14] [15] [16] .
The aim of the study was to analyze the changes taking place over a period of 15 years in the vegetation cover (floristic and phytosociological richness) represented by meadow and peatbog communities in a section of a small watercourse valley. The authors attempted to show the major directions of the changes and their determinant factors, with special emphasis on the unstable hydrological conditions prevailing in the area at the time of the analyses. Special attention was paid to determine the dynamic tendencies of species that are under strict protection and/or endangered.
Material and methods
The research was carried out in the Szum River valley in the Central Roztocze region. The river is the last right-side tributary of the upper Tanew, draining the south-western part of the mesoregion. The Szum River is a 24-km-long stream with a ca. 84-km 2 catchment area and flows ranging from 401 to 615 dm 3 s −1
. The valley is characterized by high phytocoenotic and floristic diversity, which is an effect of the mosaic structure of habitats, i.e. the occurrence of semihydrogenic (bogged) soils and hydrogenic (marshy, mainly muddy and peatbog) soils as well as a nearly nine-fold variability of the surface and groundwater mineralization level [7, 17] . In total, 48 types of plant communities belonging to different phytosociological classes were identified along the 4-km-long section of the river [8] . Most of them (26) are non-forest communities, a majority of which belong to wet meadows of the class Molinio-Arrhenatheretea, transitional peatbogs of the class Scheuchzerio-Caricetea nigrae, and raised peatbogs of the class Oxycocco-Sphagnetea [5] . The vascular plant flora of the area comprises 378 species representing 72 families [8] .
The field research was conducted downstream of the strict river break where meadow and peatbog complexes had developed (Fig. 1a) . The temporal changes of the meadow and peatbog vegetation were analyzed on the basis of 20 phytosociological relevés taken in the same patches in 1999, 2009, and 2014; all the relevés were used for floristic and phytosociological characteristics of non-forest vegetation of the study section of the river valley. Detailed analyses were carried out on 6 relevés representing meadow vegetation and 8 relevés with peatbog vegetation -14 relevés altogether, further called patches (Fig. 1b) , all of them remaining in less advanced succession of the shrub layer (≤30%). An eleven-grade species cover scale ("+" for a species with cover less than 5%, "1" for cover 5-10%, "2" for 11-20%, …, "10" -91-100%) was used. The syntaxonomic affiliation of the plant communities was verified comparing it with the initial data (1999). During the successive study periods, species richness of the vascular plants was assessed for each patch. The Shannon-Wiener's index was used to evaluate the diversity of the plant communities. Species similarity between the observation periods was calculated using the Jaccard index [18] .
All species recorded in the meadow and peatbog patches were classified into the main phytosociological classes: Phragmitetea, Molinio-Arrhenatheretea, Scheuchzerio-Caricetea nigrae, Oxycocco-Sphagnetea, Nardo-Callunetea, and Alnetea glutinosae. Accompanying species and species characteristic for other classes were defined as "others". The nomenclature of vascular flora follows Mirek et al. [19] , bryophytesOchyra et al. [20] , and the classification of plant communities follows Brzeg and Wojterska [21] and Matuszkiewicz [22] . Protected species [23] and species that are endangered in the Lublin Province [24] and Poland [25] were indicated. Additionally, protected habitats [26] and Natura 2000 habitats were noted [27, 28] .
Results

Species richness and phytocoenotic diversity
Numerous non-forest communities have evolved in the section between the 10th and 12th km of the river course below the strict Szum River break. Their total surface area is approx. 13 ha (Fig. 1a) ; however, the varied trophy ranging from oligo-to eutrophic habitats promotes high floristic diversity. Within the meadow and peatbog complex, only ca. 160 vascular plant species and 40 moss and liverwort species were recorded. It is noteworthy that the small area comprises a substantial number of species that are under strict protection ("*") and/or endangered in the Lublin Province/Poland (in the parentheses -threat categories): The analyzed area is also characterized by considerable phytocoenotic diversity. A number of plant communities comprising habitats of the Natura 2000 network and legally protected habitats were identified in the most valuable non-forest habitats near Górecko Kościelne. The meadow associations include (* -protected natural habitats; in parentheses -Physis code): Lysimachio vulgaris-Filipenduletum, Lythro-Filipenduletum, Filipendulo ulmariae-Menthetum longifoliae, Angelico-Cirsietum oleracei*, and Cirsietum rivularis* (the latter two -code 37.21).
Among the moss-sedge and sphagnum bog communities, associations from the group of alkaline peatbogs (Natura code: 7230-2) and spring and percolating mires (7230-3) are noteworthy. The representative species frequently reported from these habitats include C. davalliana, C. lepidocarpa Tausch, C. panicea L., Menyanthes trifoliata L., Epipactis palustris (L.) Crantz, and Sphagnum warnstorfii Russow, and sporadically C. flava L., Eriophorum latifolium, S. teres (Schimp.) Ångstr., and C. stellatum. Small patches of associations Caricetum davallianae* and Caricetum paniceolepidocarpae* (54.22) were identified. A substantially larger area is covered by the community Caricetum lasiocarpae*, whereas the acidic sedge bog-spring Menyantho trifoliataeSphagnetum teretis has developed only to a slight extent (code for both communities -54.23). In the analyzed section of the Szum valley, there are also small patches of communities from another category, i.e. lowland raised bogs (Natura code -7110-1), including hummock raised bogs Sphagnetum magellanici* and transitional and hollow peatbogs (51.2): Caricetum limosae* and Rhynchosporetum albae*. The dominant representative species on the hummocks include Oxycoccus palustris Pers., Andromeda polifolia L., Drosera rotundifolia L., and Polytrichum strictum Menzies ex Brid., whereas the hollows are dominated by R. alba, Sphagnum cuspidatum Ehrh. ex Hoffm., and C. limosa accompanied by Scheuchzeria palustris, D. anglica, and other species.
Temporal changes in species diversity
The analyzed patches of wet and fresh meadows in the Szum River valley are characterized by very high species diversity (Tab. 1). Depending on the patch and study period, the number of vascular plant species ranged from 17 to 37. The highest frequency of taxa was reported for macroforb species: Filipendula ulmaria (L.) Maxim., Lysimachia vulgaris L., Lythrum salicaria L., Cirsium oleraceum (L.) Scop., C. rivulare (Jacq.) All., and Mentha longifolia (L.) L. The most substantial changes in species richness were noted in patches 3-5, but a similar trend was reported for patches 4 where a significant decline in the number of taxa, by 27 and 33% respectively, was found in 2009. During 5 successive years, a visible decrease in species number was observed only in patch 4. In two out of 6 patches analyzed, namely in patches 1 and 3, an increase of species richness was noted. The greatest changes took place in patch 3 where the species number increased by 80% between the first and the second study period. The Shannon-Wiener index showed values of 1.10 (1999) and 1.36 (2009) . Despite the significant changes in some of the analyzed meadow communities in 1999-2009, the total number of species in all 6 study patches remained at a similar level (59 and 57) and a downward trend was only observed during the recent 5 years (Fig. 2a) .
In general, also in the case of the species composition of the mire communities studied, greater changes were observed during the longer period (10-15 years) than in the 5-year period. Different trends reflected by the Shannon-Wiener index were observed in the individual peatbog patches (Tab. 2). In patches 7, 8, and 10, there was an increase in the species richness of vascular plants accompanied by an increase in the value of the diversity index usually caused by the presence of sporadic taxa. The greatest stability in species number was found in a small patch (No. 12) of the Caricetum davallianae association. For all the study periods, the total number of taxa was very similar, ranging between 85-89 (Fig. 2b) .
Temporal changes in community composition
In all the patches, greater changes in the species composition took place over the first 10 years (1999-2009), compared with the recent five-year period (2009) (2010) (2011) (2012) (2013) (2014) . This pattern was particularly discernible in two patches of Filipendulo ulmariae-Menthetum longifoliae, each exhibiting a different trend. In the case of patch 2, the low similarity level should be attributed primarily to the changes in the species composition, since the differences in species richness were not spectacular (22 and 18 taxa, respectively The smallest quantitative and qualitative changes occurred in patches 1 and 6 which indicated the higher values of the Jaccard index (0.61 and 0.59, respectively). In patch 1, despite the increase of species number species similarity was at a relatively high level (0.61), which means that the majority of species identified in the first study period persisted in the patch for the next 15 years. Patch 6 is located 400 m down the river away from the other meadow patches (cf. Fig. 1b) . Both the number of taxa and the relatively high and similar values of the diversity index throughout the study periods indicate high stability of the community (Tab. 1, Tab. 3).
In all the study periods, taxa characteristic of variablewetness meadows (the order Molinietalia -32-38%) dominated, followed by species of rush communities (13-16%) and fresh meadow communities (6-15%). The other distinguished classes were represented by less than 10% of all taxa each (Fig. 2a) .
In the case of peatbog communities, the highest floristic similarity (0.68) was noted in patches 9 and 10, which indicates the dominance of the core species in these communities. The most substantial floristic changes were found in the Sphagnetum magellanici raised bog -patches 13 and 14, as indicated by the very low values of the Jaccard index, i.e. 0.31 and 0.44, respectively. Simultaneously, the trend in the changes in the diversity index values differed between the two patches (Tab. 3). Tab. 3 The Jaccard index for particular times of the study of selected meadow and peatbog communities in the Szum River valley.
In 1999-2014, the total number of constituent species in the 8 analyzed peatbog patches and the share of the individual syntaxonomic groups varied insignificantly, i.e. in the range of 85-89 (Fig. 2b) , although changes in the cover of individual taxa were observed. Taxa of the class Scheuchzerio-caricetea nigrae exhibited the highest share (20-24%) and were accompanied by species of variablewetness meadows (17-19%) and rushes (11% in all the study years). Species of raised peatbogs constituted barely 3-4% of all floristic elements of the analyzed patches (Fig. 2b) . In a majority of the patches, an increase in shrub cover [Alnus glutinosa (L.) Gaertn., Betula pendula Roth, Pinus sylvestris L., Salix cinerea L.] was found. In the peatbog sward, an 
Discussion
The temporal changes of vegetation in the macroforb meadow habitat in the Szum River valley were caused by the construction of a large reservoir (5.88 ha) in Aleksandrów at a distance of approx. 3.5 km downstream of the study area at the beginning of the last decade. Beavers, which were disturbed during the construction of this structure, moved up the river (2005) where they built a small dam. At the beginning of the 2006 growing season, a rapid rise in the groundwater level was reported from the area. The high water level in the Cirsietum rivularis patch (No. 4) persisted for another two seasons. During that time, the entire Lysimachio vulgaris-Filipenduletum patch (illustrated by relevé No. 5) was waterlogged with 30 cm of stagnant water at the highest water levels. The beaver colony ceased to function after three seasons, since the animals disturbed by users of a nearby tourist route moved farther up the river [11] . Since the dam was not strengthened by the beavers, in the early spring of 2008 the waters from the catchment began to flow freely into the river and the water table was lowered and reached the level before the waterlogging.
The effects of the activity of the beavers, i.e. efficient "environmental engineers", are more pronounced at the landscape level (dams, small water reservoirs, elimination of shrubs and trees). In turn, the effect of their activity on biodiversity is ambiguous, since both an increase and a decrease in species and phytocoenotic diversity can be observed [15, [29] [30] [31] .
Fluctuations of the groundwater table and accompanying waterlogging, which induce changes in other habitat conditions, are important factors in the determination of individuals' traits and the characteristics of species populations of hydrogenic habitats. Within a short time, they can contribute to changes at the level of vegetation. The unstable hydrological conditions created by the presence of the beavers had an impact on the meadow phytocoenoses in the Szum River valley. The Lysimachio vulgaris-Filipenduletum meadow (patch 5) was transformed within a short time (2005) (2006) (2007) (2008) ) into a poor Caricetum acutiformis sedge rush. In patch 4, the most important characteristic species of the association, i.e. Cirsium rivulare, exhibited low tolerance to elevated water levels and significantly reduced the cover in favor of Lysimachia vulgaris. Currently, the patch has been described as a Lysimachio vulgaris-Filipenduletum association. In the analyzed meadow patches, the rapid increase in habitat wetness caused a decline in the species richness of vascular plants, a reduction in the value of the Shanno-Wiener index, and a reduced share of species characteristic of macroforb variable-moisture meadows. A similar relationship was observed in the Rawka River valley where the European beaver was reintroduced. The activity of the animals resulted in a rise in the groundwater level and an increased share of rush and aquatic vegetation [14] .
A positive aspect of the beavers' presence was noted in the investigated section of the Szum River valley. Cutting willow shrubs and undergrowth as well as young alder, willow, and birch or even pine trees impedes succession on meadows and peatbogs for some time. This impact of the "environmental engineers" simulates one of the most common methods for active protection of valuable hydrogenic habitats, i.e. removal of trees and shrubs [32, 33] .
One of the main causes of wetland changes is the interference in the natural water cycle [32, 34] by building a system of drainage ditches (faulty drainage) and road or railway embankments, which can cause excessive drainage or irrigation of peatbog ecosystems, respectively. Such anthropogenic impacts prevailing at the beginning of the first and second halves of the 20th century led to degradation of the nearby "Międzyrzeki" peatbog located in the Roztocze National Park [35, 36] . For the last two decades, the cause of peatbog degradation has been attributed to the so-called small-scale water retention structures constructed in private wetlands. A small pond (ca. 9000 square meters) constructed in the autumn of 2001 on the right-side bank of the Szum River valley is situated in a bog-spring habitat (Carici canescentis-Agrostietum caninae, Caricetum paniceo-lepidocarpae) with the presence of rare orchids Dactylorhiza majalis, D. fuchsii, and Epipactis palustris. The reservoir is recharged with hillside spring waters that are discharged through a narrow ditch directly into the pond, which contributes to peatbog drainage. Additionally, the neighboring willow-alder scrubs have been cut, which has led to rapid growth of offshoot willows and alders [11] . Another reflection of the degradation of valuable patches of the eutrophic bog-spring habitat on the left bank of the river (Caricetum davallianae, C. paniceo-lepidocarpae) with mass occurrence of Dactylorhiza majalis and D. maculata surrounded by grassland-sedge communities [e.g. Holcus lanatus L., Briza media L., Anthoxanthum odoratum L., Arrhenatherum elatius (L.) P. Beauv. ex J. Presl & C. Presl, Carex gracilis Curtis, Juncus effusus L. and J. conglomeratus L. em. Leers] was alder plantings preceded by digging of shallow ditches at approx. 5-m intervals, which resulted in drainage of the area and homogenization and impoverishment of the vegetation. At present, the alder specimens reach a height of 5-8 m and groups of herbaceous species, sedges, and grasses with unidentified syntaxonomy grow between the rows.
Within the 15-year period, the Sphagnetum magellanici raised bog appeared to be least stable, although the causes varied between the analyzed patches. In patch 13, the drastic decrease in floristic similarity was probably caused by the isolation of the patch surrounded mainly by rush and meadow communities. In turn, the reduction in diversity and floristic similarity in patch 14 is attributed to the massive growth of Phragmites australis and increased shrub layer cover, which worsens the light conditions near the ground. A similar trend in peatbog changes is observed regardless of the physico-geographical region [37] [38] [39] .
Despite the multidirectional changes, the peatbogs near Górecko Kościelne have retained high phytocoenotic and species diversity, which indicates their highly natural character. In 8 relevés subjected to detailed analysis, 85-89 vascular plant species were found in the successive study periods. In comparison, Sotek et al. [37] recorded 95 vascular plant species in 8 midfield peatbogs with a total surface area of over 60 ha in Pomerania. In turn, Malec [40] found only 20 species in the 161-ha "Puścizna Długopole" peatbog in the Orawa-Nowy Targ Basin. In general, the riverine peatlands of the Central Roztocze and particularly the mires in the Szum River valley are characterized by greater floristic richness and diversity as expressed by the Shannon-Wiener index than the peatlands of another region of southern Poland, the Łęczna-Włodawa Lakeland [41] .
